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CHAPTER  I 
INTRODUCTION 

Researchers  at  Kansas  State  University  have  teen  actively  Involved 
In  the  production  and  testing  of  a  starch-based  liquid  protein  supplement  'v 
for  ruminants.  This  product  has  been  proven  superior  to  molasses -based 
liquid  supplements  in  a  variety  of  test  conditions.   Interest  has  develop- 
ed in  a  high  protein  (60J6)  concentrate  of  the  starch-baaed  product  to 
be  used  as  an  ingredient  to  be  blended  with  a  variety  of  liquid  carriers 
such  as  molasses  and  other  ingredients.  Use  of  the  product  in  both. a 
lick  tank  operation  and  as  a  top  dress  for  dry  feeds  is  possible. 

Ihls  research  dealt  Kith  processing  variables  Involved  in  the 
production  of  a  605^  protein  concentrate.  Of  greatest  concern  was  charac- 
terization of  the  variables  that  control  enzymatic  thinning  for  viscosity 
control.  An  attempt  vas  made  to  establish  optimum  conditions  for  enzyme 
reaction.  Viscosity  was  used  as  a  predictor  of  product  quality  and 
starch  damage. 

Blending  of  the  cwicentrate  to  a  30^  crude  protein  product  with 
molasses,  water,  llgnin  sulfonate,  ammonium  polyphosphate  or  fermented 
ammoniated  condensed  whey  was  evaluated  through  in  vitro  rumen  studies. 

Product  viscosity  and  other  characteristics  were  evaluated  by 
animal  toxicity  and  In  vitro  rumen  studies. 
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CHAPTER  II 


LITEHATURE  REVIEW 


Liquid  Supplements.  Widesparead  use  of  liquid  supplements  in  the  cattle 
industry  is  made  today.  Advantages  of  liquid  supplements  include  ease 
of  handling,  palatable  method  of  feeding  urea,  and  diverse  feeding 
applications  (Womiek,  19^9) .  Liquid  supplements  consisting  mainly  of 
molasses-urea  blends  have  been  compared  to  dry  supplements.  In  a  lacta- 
tion study  conducted  with  liquid  supplement  added  to  com  silage,  pre- 
foraance  iras  equal  to  a  dry  supplement  (Huber  et  al, ,  1968}  Van  Horn 
et  al, ,  1969),  Since  liquid  supplements  have  not  shown  a  consistent 
advantage  over  dry  suppleijients ,  the  decision  to  use  a  liquid  supplement 
would  depend  on  irelative  cost,  ease  of  application,  adaptation  to  in- 
dividual operation  and  other  factoid  (}feiber,  1972), 

Cane  molasses  has  been  shown  to  improve  nitrogen  utilization  from 
urea  (Hatch  and  Beeson,  1972),  The  supply  of  readily  available  carbo- 
hydrate is  related  to  the  degree  of  urea  utilization.  Starch  has  been 
shown  superior  to  molasses  in  providing  carbon  skeletons  required  for 
ammonia  to  be  converted  to  microbial  parotein.  Studies  have  shown  cellu- 
lose to  be  degraded  too  slowly  and  mono-and-disacchzLrides  are  fermented 
too  rapidly  to  be  well  utilized  (Church,  1972),  Reviews  of  other  ingred- 
ients used  in  liquid  supplements  are  presented  by  Reddy  (1976),  Skoch 
(1976)  and  Binder  (1976), 
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starch-Based  Liquid  Supplement,  Researchers  at  Kamsas  State  University 
have  developed  a  liquid  supplement  containing  urea  and  hydrothermally 
processed  carbohydrate  (Reddy,  1976).  The  supplement  contains  starch  and 

urea  (ratio  of  1.83:1)  and  water  which  had  been  processed  with  a  hydro- 

R  1 
thermal  cooker  equipped  with  a  series  "B"  Hydroheter  ,   Steam  Is  applied 

R 
directly  to  the  slurry  through  the  Hydroheter  ,  resulting  in  a  high  shear 

cooking.  The  processing  temperature  ranged  from  1^  C  to  150  C.  Protein 
content  was  adjusted  to  approximately  305^  with  molasses.  Viscosity  was 
lowered  with  a  a-  amylase,  derived  from  Bacillus  subtillis,  Fhosphoric 
acid  was  added  to  lower  the  pH  and  terminate  the  enzyme  activity.  Pro- 
pionic acid  was  added  to  prevent  microbial  growth  (Binder  et  al,,  1978} 
Iteddy,  1976). 

Starch  has  been  found  superior  to  molasses  in  providing  carbon 
skeletons  for  microbial  protein  synthesis  from  non-protein  nitrogen  (NJW) 
sources  (Church,  1972).  The  starch-based  liquid  supplement  (SBLS)  was 
developed  to  improve  N  utilization  (Binder  et  al, ,  1978). 

In  a  feeding  trial  involving  forty-eight  steers,  the  starch-based 
liquid  supplement  was  significantly  (P<'.05)  better  than  a  molasses-based 
liquid  supplement  (MBLS)  or  Starea^,  and  was  equal  to  soybean  meal  in  weight 
gains  and  feed  efficiency  (Beddy,  1976),  The  SBLS  when  compared  to  iMBLS 
In  a  lactation  study  involving  twenty  Holsteln  cows  showed  a  slight  advan- 
tage in  milk  production.  A  slight  weight  loss  was  recorded  with  the  SBLS 


1 Hydro -Thermal  Corporation,  Milwaukee,  Wisconsin. 
Zltegistered  Trademark  860,255,  U.  S.  Patent  No,  3,  6^2,^9  assigned 
to  Kansas  State  University, 
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(Ibbetson,  1978  a).  Use  of  the  SBLS  in  calf  starter  rations  showed  the 
SBLS  to  improve  weight  gains  over  urea  and  Starea  and  was  coaparable  to 
soybean  raeal  (ibbetson,  1978  b).   In  a  wintering  study  involving  forty- 
two  steers,  the  SBLS  was  more  efficiently  utilized  than  the  MBLS  (Binder 
et  al, ,  1978).  A  toxicity  study  Involving  four  rumen  fistulated  adult 
cattle  resulted  in  no  toxic  reactions  in  six  trials  with  SBLS  and  one   . 
out  of  six  with  MBLS,  when  a  dose  of  .5  g  urea  per  1  kg  body  weight  was 
administered  (Binder  et  al. ,  I978), 

Starch  sources  from  com,  grain  sorghujn,  bird  resistant  sorghum 
and  waste  potato  starch  have  been  compared  in  vitro  and  no  differences 
in  protein  synthesis  have  been  established.  Stability  of  these  liquid 
supplements  has  been  investigated  and  they  have  appeared  stable  for 
eight  weeks  (Binder,  1976',  Skoch,  1976;  Skoch  et  al.,  1977). 
Structure  of  Starch.  The  structure  of  the  starch  granule  has  been 
extensively  reviewed  by  Greenwood  (1964),  Sandstedt  (I965),  Fliria  (I968) 
and  French  (1973).  Starch  is  composed  of  chain  and  branched  structures. 
Amylose  consists  of  a-1,  ^-linked  glucose  units,  with  a  molecular  weight 
of  several  hundred  or  thousand  units,  making  up  the  straight  chain 
structure.  Amylopectin  consists  of  a-1,  i4.-linked  glucose  units  with 
branch  points  made  of  a-1,  6-links,  The  a-1,  6-links  made  up  4  to  5% 
of  the  total  number  of  linkages  in  amylopectin  (PYench,  1973), 

Amylose  may  attain  various  conformations  in  solution,  such  as  a 
helix  in  the  presence  of  a  complexing  agent,  or  a  random-coil.  Variation 
in  molecular  configurations  is  responsible  for  "retrogradation"  and 
"gelation"  of  concentrated  amylose  solutions.  The  polysaccharide  molecules 
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may  align  in  linear  chains  or  in  random  configurations,  depending  on  rate 
of  cooling,  and  form  insoluble  micelles  with  the  aid  of  hydrogen  bonding. 
In  solutions  of  amylopectin  there  is  no  tendancy  to  retrograde  (Greenwood, 

196^). 

The  shape  and  size  of  the  starch  granule  is  dependent  on  plant 
source.  The  hilum  is  a  feature  present  in  most  granules.  It  is  centrally 
located  and  surrounded  by  concentric  shells,  thus  being  the  nucleus 
around  which  the  granule  has  grown.  Birefringence  is  exhibited  by  starch 
granules  when  examined  under  a  polarizing  microscope,  A  "maltese  cross" 
is  exhibited  with  intersection  of  the  cross  at  the  hilum  (Raria,  I968; 

French,  1973). 

Gelatinization  of  Starch.  Starch  granules  are  insoluble  in  cold  water. 
Granules  exhibit  swelling  when  placed  in  warm  water  due  to  the  abundance 
of  hydroxyl  groups  tending  to  absorb  moisture.  As  the  temperature  is 
raised  past  a  critical  point,  hydrogen  bonds  holding  the  granule  together 
begin  to  weaken  permitting  the  granule  to  swell  tangent ially  to  many  times 
its  original  size.  Granules  lose  their  birefringence  and  the  viscosity 
of  the  slurry  increases.  Maximum  hydration  is  reached  when  moleciiles 
begin  to  leach  out  of  the  granules,  leading  to  rupture  and  collapsing  of 
the  graniile  yielding  to  dispersion  of  granule  fragments  (F\iria,  I968), 

Gelatinization  has  been  defined  as  the  irreversible  rupture  of  the 
native,  secondary-bond  forces  in  the  crystalline  regimes  of  a  starch 
granule  according  to  Seib  (1971).  Covalent  linkages  are  not  broken,  only 
secondary-bond  forces  are  altered.  Complete  loss  of  crystallinity  does 
not  occur,  only  an  alteration  of  czrystallinity  (Seib,  1971). 
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Action  of  g-Amylase  on  Starch,  Two  amylolytic  enzymes  axe  capable  of 
breaking  a-1,  ^bonds  found,  in  starch. .  a-amylases  are  found  in  animals, 
plants,  fungi  and  micro-organisms.  /5-amylases  are  found  in  higher  plant 
sources  (Greenwood,  196^),  ot^amylases  aire  known  best  for  their  action 
of  "dextrin izing"  starch  (French,  1957).  Acting  as  an  endo-enzyrae, 
a-amylase  splits  o-l,  4-links  in  both  amylose  amd  amylopectin  at  different 
places  in  the  interior  of  the  molecule.  Gelatinized  starch  is  rapidly 
decomposed  to  dextrins  with  average  chain  length  of  6  to  10  glucose  units 
(Barfoed,  1976;  French,  1973).  The  action  of  a-amylase  is  believed  to  be 
random  in  attack  on  both  amylose  and  amylopectin  molecules.  Characteris- 
tics of  this  action  are  reduced  viscosity,  rapid  loss  in  iodine -staining 
ability,  and  an  increase  in  reducing  power  (Greenwood,  196'+), 

Accessibility  of  the  starch  molecules  to  the  enzyme  is  the  rate- 
determining  stage  of  digestion  of  the  molecule  (Sandstedt  and  >5attem, 
i960). 

When  com  and  sorghum  starch  granules  have  been  reacted  with  amylase 
and  observed  under  a  polarizing  microscope,  erosion  and  fragmentation 
of  the  granule  and  waxy  counterparts  are  present.  With  potato  starch 
selective-granule  digestion  is  noted.  Com  starch  granules  show  loss 
of  birefringence  in  the  hilum  area  first  due  to  initial  enzyme  attack. 
Since  loss  of  birefringence  also  occurs  first  in  the  hilim  area  during 
gelatinization,  the  hilum  appears  most  susceptible  to  attack.  Five  to 
ten  percent  of  the  starch  grsmules  will  never  show  erosion.  The  patterns 
of  swelling  and  solubility  of  starch  in  hot  water  is  not  an  indication 
of  enzyme  susceptibility  (Leach  and  Schoch,  I96I), 
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Bacterial  a-amylase  generally  are  produced  from  Bacillus  subtil is 

or  related  species.  Bacterial  enzymes  are  heat  stable  compared  to  malt 

enzymes.  NOVO  Laboratories^  manufactures  a  bacterial  a-amylase  with 

p 
improved  heat  stability  properties.  Marketed  as  Thermamyl  ,  the  enzyme 

is  from  a  strain  of  Bacillus  liehenformis.  Being  active  within  a  temper- 
ature range  of  95  to  100  G,  the  enzyme  is  active  at  15  to  20  G  higher  than 
that  of  most  bacterial  amylsise,  Thermamyl   produces  primarily  maltose, 
maltotriose  and  maltopentose .  B.  subtilis  amylases  produce  mainly  malto- 
hexose,  roaltopintose  amd  a  small  amoxmt  of  glucose  (Baroed,  1976). 
Viscosity  Measurement  of  Starch  Slurries.  Several  methods  of  measviring 
viscosity  have  been  developed  for  use  in  the  starch  industry.  These 
include  the  Brabender  Amylograph,  Com  Industries  Viscometer,  Scott 
Viscometer,  and  the  Brookfield  Viscometer,  The  use  of  the  latter  instru- 
ment has  grown  due  to  portability  and  the  simplicity  of  the  procedure. 
Several  spindles  and  spindle  speeds  are  available.  It  is  important  for 
sample  comparisons  to  use  the  same  spindle  number  and  speed  to  determine 
the  calculated  viscosities  (Smith,  196^). 

The  Brookfield  Viscometer  has  been  used  to  measure  the  apparent 
viscosity  of  steam  jet  cooked  flour  paste  (Ranken  et  al,,  1976),  acidu- 
lated flour-water  suspensions  (Katenaan  and  Reben thaler,  1971),  and  5^ 
•tarch  pastes  (late  et  al,,  1957). 


^NOVO  Laboratories,  Wilton,  Connecticut, 
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Llj^in  Sulfonate.  Lignin  sulfonates  my   be  used  in  animal  feeds  as 
individually  or  as  a  combination  of,  the  ammonium,  calciua,  sodium  or 
magnesium  salts  of  the  extract  spent  sulfite  liquor  derived  from  the 
sulfite  digestion  of  wood  or  of  abaca.  It  may  be  used  in  specific  quant- 
ities in  animal  feeds  including  as  a  surfactant  in  molasses  not  to  exceed 
ll?g  of  the  molasses  on  a  dry  weight  basis  (Anon,  1976).  Alkaline  or  base 
ions  such  as  ammonium,  calcium,  sodium  or  magnesium  are  used  for  neutra- 
lization (Hathaway.  1973).  D'ta  have  shown  lignin  sulfonate  to  be  a  good 
surfactant  for  use  in  molasses.  At  a  tenperature  of  20  F,  molasses  with 
a  viscosity  of  100,000  cps  was  reduced  to  a  vlcosclty  of  iv7,000  cps  with 
the  addition  of  10?g  lignin  sulfonate  (Hathaway,  1973). 

ftilatabUity  is  not  a  problem  with  feed  containing  lignin  sulfonate. 
A  mixture  of  about  one  part  lignin  sulfonate  and  three  parts  molasses  on 
a  dry  matter  basis  appears  to  be  an  ideal  combination  when  used  in  finish- 
lag  rations  (Hathaway,  1973).  Use  of  8  and  12^  lignin  sulfonate  on  an  "as 
is"  basis  did  not  depress  dally  gain  in  another  finishing  study  (Chang  et 
al.,  1977).  The  source  of  lignin  sulfonate  has  been  a  factor  in  other 
studies  in  regard  to  performance  and  feed  conversion  (Miron,  1975).  I* 
is  thought  lignin  sulfonate  is  an  aid  in  urea  utUization  (Synder,  1975). 
In  vitro  studies  have  shown  that  lignin  sulfonate  depresses  dry  matter 
digestibility  (Chang  et  al,,  1977). 
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TABLE  1.  TYPICAL  ANALYSIS  OF  CALCIUM  LIGNIN  SULFONATS^ 


Component  Percentage  of  Total 


Total  solids  50-55 

Sugars  and  sugar  acids  (dry  basis;                    ^""O 

Lignin  sulfonate  (dry  basis)  50-^ 

Inorganics  (ash)    ..  °"-'--^ 

Nitrogen  ~-~ 

Calcium  ,  A 

Sulfur  -^'° 


aAnon.  137^.     Lignin  Sulfonate,   In  NFU  Ingredients  Handbook  for 

Liquid  Feed  Supplements.  National  Feed  Ingredients  Association.  West 
Des  Moines,  Iowa. 

Aflunonium  Pblyohosphate  (APP).  Ammonium  polyphosphate  results  from  the 
neutralization  of  superphosphoric  acid.  Minimum  contents  are  9^  nitrogen 
and  13%  phosphorus.  APP  must  contain  not  more  than  1  part  Flourine  (F) 
to  100  parts  Phosphorus  (P),  75  ppa  of  Arsenic  (Ar),  and  300  ppm  of  heavy 
metals  reported  as  lead.  The  product  is  a  clear,  white  solution  if  ther- 
mally processed  or  light  green  to  greenish-black  if  wet  processed  (Anon., 
1975).  APP  has  the  advantage  of  being  both  a  source  of  NPN  and  phosphorus, 
but  has  the  disadvantage  of  relatively  low  concentrations  of  NJN  and  phos- 
phorus compared  to  urea  and  phosphoric  acid  (Warrick,  1969 ). 

No  differences  in  performance  between  phosphoric  acid  and  ammonium 
polyphosphate  have  been  noted  (Synder,  1970 »  Miron  1975)  *s  to  the  origin 
of  the  phosphorus  source. 
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TABLE  2.  GUARANTEED  ANALYSES  OF  FOUR  GRADES  OF  AMMONIUM  POLYPHOSPHATE 


Thermal  process  W«"t  process 


G^ade  (11-37-0)  (10-3^-0)  (11-37-0)  (9-30-0) 

Nitrogen  (N).  ^  mln  11  10          11  9 

P:j-r?..  6375  6.5       -.75  56..5 

Phosphorus  J-o»"  ■^^•" 


aAncn.  1975.  Ammonium  Polyphosphate.   In  NFU  Ingredients  Hand- 

book  for^Liiuid  Feed  Supplements.  National  Feed  Ingredients  Association. 
West  Des  Moines,  Iowa, 

Fermented  Ammoniated  Condensed  Whe^  (FACW).  FACW  is  a  product  resulting 
from  fermentation  of  cheese  whey  with  Lactobacillus  bul^aricus,  followed 
by  treatment  with  anhydrous  ammonia  to  neutralize  the  lactic  acid  formed   . 
during  fermentation.  Concentration  of  the  product  may  range  from  kO   to 
905g  solids  with  the  product  being  syrupy,  salty  or  acid  tasting  and  brown 
to  reddish-brown  in  color  (Amott  et  al,,  1958 j  Alston  et  al.,  1973). 

Early  feeding  trials  showed  that  FACW  was  non-toxic  and  supported 
growth  of  six  month  old  calves.  Lactation  studies  shewed  milk,  milk  fat 
and  gain  to  be  decreased  when  feeding  the  whey  product  (Hazzard  et  al., 
1958).  Studies  with  FACW  as  a  protein  source  in  a  beef  finishing  ration 
for  96  yearling  steers  showed  performance  essentially  equal  to  soybean 
meal  and  superior  to  urea  (Henderson  et  al,,  1973j  Henderson  et  al.,  197^). 

Additional  studies  with  lactatlag  cows  fed  9  and  18^  FACW  showed 
FACW  to  be  equal  to  soybean  meal  and  urea  for  increasing  crude  protein 
from  10  to  1^%   in  rations  for  lactatljig  cows  (iiiber  et  al.,  1975). 
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FACW  has  been  tasted  in  finishing  steer  rations  at  levels  of  1^.73^ 
of  total  feed  dry  matter  which  resulted  In  slightly  depressing  effects. 
This  is  twice  the  noraal  feeding  level  of  7,35^  (Crickenberger  et  al,, 
1975 )•  FACW  has  been  shown  to  be  less  toxic  than  ajBaonivun  lactate,  atinaon- 
ium  acetate  and  urea  (Crickenberger  et  al,,  1977). 

TABLE  3.  TYPICAL  ANALYSIS  OF  FEHiMSNTED  AMMONIATED  CONDENSED  WHEi* 
CoDponent 


Crude  protein  equivalent  (CPE) 

CPE  from  NPN 

lactic  acid 

Ca 

P 

Solids 

Ash 

PH 


i^6% 

V% 
0.28% 

629g 

6.8% 


*From  Galor  Agriculture  Research,  Okemes,  Michigan. 
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CHAPTER  III 

EXPERIMENTAL  PROTOCOLS  FOR  COMPARISONS 
OF  LIQUID  SUPPLEMENTS  CONTAINING  STARCH 

The  effects  of  variations  in  enzyme  addition  and  blending  of  liquid 
supplements  containing  starch  were  compared  by  analytical  laboratory  ana- 
lyses and  rumen  in  vitro  techniques.  Following  is  a  description  of  the 
methods  used  to  evaluate  the  liquid  supplements. 
Experimental  Procedures. 

Dry  matter.  Using  a  forced  air  oven  at  I30  C,  approximately  2  g 
sauaples  were  dried  for  one  hour.  Dry  matter  was  calculated  from  the  mois- 
ture values  obtained. 

Crude  protein.  Nitrogen  content  ©f  the  samples  was  determined  by 
Macro-Kjeldahl  analysis  using  the  boric  acid  modification  presented  in 
method  (^6-12)  (AACC,  I962),  Protein  equivalent  was  calculated  by  multi- 
plying the  nitrogen  content  by  6,25. 

£H,  All  pH  readings  were  taken  with  a  Beckman  pH  meter.  Readings 
were  taken  to  the  nearest  hundredth. 

Viscosity,  Viscosity  of  the  samples  was  determined  using  a  LVT 
Brookfield  Viscometer^,  Spindle  2  at  12  rpm  was  used  in  making  the 
determination.  Results  are  reported  in  centipolse  (cps). 

Starch  damage,  Ihe  method  described  by  Sandsteatt  and  Mattem 
(i960)  was  used  to  determine  the  degree  of  starch  damage,  Meastirement  of 


Bzrookfield  E^ineering  laboratories.  Inc.,  Stoughton,  Mass, 
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reducing  sugars  is  made  using  ferricyanidc  analysis.  Results  are  reported 
as  mg  of  maltose  per  g  of  sample,  or  as  indicated. 

Freg  ammonia.  Micro  diffusion  analysis  with  the  boric  acid 
modification  described  by  Conway  (1957)  was  used  to  determine  free  aamon- 
la  (NH3-N)  concentrations.  Free  ammonia  was  calculated  aa  mg  NH3-N  per 

100  ml  sample. 

Protein  synthesis.  An  in  vitro  fermentation  measur*  of  protein 
synthesis  according  to  Barr  (197^)  was  used  in  evaluating  the  liquid 

supplements. 

Feed  samples  of  1  g  were  weighed  into  2  duplicate  sets  of  50  al 
plastic  centifuge  tubes.  Phosphate  buffer  adjusted  to  pH  6.8  and  warmed 
to  39  G  was  added  to  each  set  of  tubes.  Rumen  fluid  was  obtained  from  a 
rumen-fistulated  animal  approximately  12  hr  after  feeding.  Fluid  was 
strained  through  four  Uyers  of  cheesecloth  into  a  flask,  stoppered  with 
a  Bunsen  valve,  and  placed  in  a  39  G  waterbath.  To  ene  set  of  tubes 
containing  the  sample  (referred  to  as  feed  blanks)  30  al  of  buffer  was 
added,  the  tubes  evacuated  with  CO2  and  closed  with  a  Bunsen  valve.  To 
the  other  set  (referred  to  as  feed  samples)  20  ml  of  buffer  and  10  al  of 
rumen  fluid  was  added,  the  tubes  evacuated  with  CO2  and  closed  with  a 
bunsen  valve.  In  a  third  set  of  tubes  (referred  to  as  the  fluid  blanks) 
10  ml  of  rumen  fluid  and  20  ml  of  buffer  was  added.  The  feed  blanks  and 
feed  samples  were  Incubated  for  4  hr  at  39  G  being  shaken  every  thirty 
minutes.  Fluid  blanks  were  not  incubated.  Samples  were  then  centifuged 
at  25,  400  X  G  for  15  min  and  the  supemant  discarded.  The  residue  was 
washed  twiee  with  methanol  and  centifuged  after  each  washing  to  remove 
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soluble  nitrogen.  Nitrogen  determinations  were  Bade  on  the  precipitates 

using  a  Macro -Kjeldahl  (AACC  method  ^-12)  Milligrams  of  protein  were 

calculated  byi 

mg  protein  -  al  aicid  X  normality  of  acid  X  14  X  6,25 

ng  protein  synthesized  «  ng  protein  in  feed  samples  -  ng  protein 

in  feed  "blank  -  ng  protein  in  fluid  blank 

Protein  synthesis  results  are  reported  as  milligraas  of  protein  sjmthe- 

sized  or  as  a  percent  of  a  control. 

Gas  Product ion »  In  vitro  gas  production  was  conducted  according  to  el 

Shazly  and  Hungate  (I965),  Feed  samples  of  4  g  were  weighed  in  duplicate 

into  Mojonnier  bottles.  Forty  al  of  filtered  rumen  fluid  was  added  to 

each  bottle,  3ighty  ml  of  phosphate  buffer  adjusted  to  pH  6.8  was  added 

and  the  bottles  were  placed  in  a  39  G  water  bath,  A  water  displacement 

apparatus  was  installed  and  the  bottles  were  gently  shaken.  Displaced 

water  volumes  were  recorded  each  30  oin  and  the  bottles  shaken  after  each 

reading  during  the  4  hr  fennentation.  •  -    - 

Bercentage  Urea  Utilization,  Using  the  method  adapted  by  Barr  (1974), 

percentage  urea  utilization  was  calculated  as  follows : 

Urea  nitrogen  from        Ammonia  nitrogen 
Bsrcentage         rumen  fluid  +  urea   -     ■♦■  urea  nitrogen 

urea        =      nitrogen  from  substrate after  fermentation  X  100 

utilization  Urea  nitrogen  from  rumen  fluid 

•f  urea  nitrogen  from  substrate 

Ammonia  nitrogen  and  urea  nitrogen  were  measured  according  to  method  of 
Conway  (1957).   - 


i  -.  -i-.r 


> 


CHAPTER  IV 

RELATION  OF  ENZYME  REACTION  TLME  TO  VISCOSITY  AND  STAflCH  DAMAGE 

In  the  production  of  the  liquid  supplement  containing  starch,  it 

is  of  interest  to  be  able  to  predict  the  end  product  viscosity  froa  the 

amount  and  length  of  ireaction  of  a-  amylase  being  added  and  from  the  hot 

(45  C)  viscosity.  This  study  was  made  to  determine  the  relation  of  enzyme 

reaction  time  to  product  viscosity  and  starch  damage.  The  relation  of 

hot  (^5  C)  to  cold  (22  C)  viscosity  was  also  established. 

Experimental  Procedure.  Table  k   shows  the  calculated  composition  of  the 

60^  protein  product  used  in  this  study.  Com  (grade  U.  S.  No,  2)  was 

ground  through  a  Model  D  Fltz  Mill^  equipped  with  a  .05I  am  (.020  in) 

screen.  Ground  com-urea-water  slurries  were  processed  through  a  Type  A 

R  - 
Hydroheter  2  to  obtain  6,89  kg  (15,2  lb)  final  product,  Ihe  slurry  was 

processed  at  a  temperature  of  1^9  C  and  a  pressure  of  60  pslg,  A  Moyno3 

open  cavity  pump,  Model  2J3,  was  used  to  deliver  the  slurry  to  the  }^ro- 

R 
heter   at  a  rate  of  1,7  1  per  minute.  Samples  of  approximately  ^,5  kg 

were  collected  from  the  middle  of  the  run  inte  a  tared  container,  Ihe 

actual  sample  weight  was  immediately  determined  for  use  in  calculating 

the  required  amount  of  Ihermamyl  6£^    a -amylase. 


1 

Fltupatrick  Company,  Elmhurst,  Illinois, 

2 i^ydro- Thermal  Corporation,  Milwaukee,  Wisconsin, 
3Robbins  and  Meyers,  Inc.,  Sprljigf ield ,  Ohio. 
NOVO  Labqratories,  Wilton,  Connecticut, 
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TABLE  ^.     COMPOSITION  OF  60$5  PRODUCT 


Ingredient  * 


Grams 


22  71  1566,0 

Com  •  11,29.0 

Urea  J^'^^  308iv.O 

H2O                  .  8  81  607.8 

Absorbed  H^0»  «-°J  172.^* 

Hiosphoric  acid^  2.50  35^3 

Propionic  acid                                               tii —^ — 

_  .  ,  100.00  ,   6895.5 

Total  (13^2  lbs) 


"^H20  absorbed  from  steam  during  processing 


■^85^  food  grade  H3PO14,. 

The  cooked  slurry  was  then  brought  to  the  desired  temperature  by 
placing  the  container  In  a  water  bath  at  -12.2  G  and  gently  agitated  for 
3-4  minutes.  Ihe  container  with  slurry  was  placed  in  a  thermostatically 
controlled  water  bath  to  maintain  a  temperature  of  95  G.  Theraamyl 
60  a-amylaae  was  added  at  a  level  of  .12%  of  the  dry  starch  by  weight. 
Agitation  throughout  the  reaction  time  was  supplied  by  a  stirrer  1^6  mm 
(5.75  in)  in  diameter  and  quartered  with  an  angle  of  17°  P«r  quarter.  A 
Model  AC-Dg5  mixer  operated  the  stirrer  at  2^*0  rpm.  It  was  necessary  to 
keep  the  stirrer  well  emerged  in  the  slurry  to  minimize  aeration  and 

foaming  of  the  product. 

Samples  of  500  g  were  aspirated  from  the  reaction  canister  every 
it  min  for  28  min  and  samples  were  immediately  cooled  to  60  C  in  an 


^Precision  Scientific  Co.,  Chicago,  Illinois, 
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ice-water  bath  within  two  ainutea,  Biospherie  acid  wae  added  at  Z^  by- 
weight  of  the  product  and  mixed  thoroughly  for  30  seconds. 

Viscosity  was  then  measured  at  45  C  with  a  Brookfield  Viscometer 
using  Spindle  2  at  12  rpm.  The  product  wais  allowed  to  cool  to  22  G  and 
the  viscosity  measured.  Propionic  acid  was  added  at  a  .5%  level  by- 
weight  and  mixed.  Product  was  stored  in  »9  1  jars  with  air-tight  lids, 
Itesults  and  Discussion,  Table  5  shows  mg  maltose  values  for  each  sample. 
The  regression  equation  y  -  .088  time  +2,25  with  h2  =  ,964  best  describes 
the  relation  of  starch  damage  on  an  "as  is"  basis  to  reaction  time.  Ch  a 
grain  dry  matter  basis,  the  equation  is  y  -  1.01  time  •*■  27.85  with  fi2  . 
,962,  In  each  relation,  the  correlation  of  time  to  starch  damage  was  high, 

TABLE  5.  COMPAfllSON  OF  STARCH  DAMAGE  TO  LENGTH  OF  ENZYME  REACTION  TLME 


Time 

%   DM 

Vg   maltose 

Mg  maltose 

(min) 

(as  is) 

(grain  dm  basis*) 

4 

35.83 

2.81 

34.10 

a 

35.64 

2,96 

36.11 

12 

35.74 

3.33 

40.50 

16 

36,06 

3.35 

40,43 

20 

36,40 

3.77 

45.04 

24 

36.18 

4.43 

53.22 

28 

36.55 

4.96 

59.00 

The  relation  of  hot  to  cold  viscosities  is  listed  in  Table  6,  The 
regression  equation  y  »  5,34  (hot  viscosity)  -  427.58  with  R^  -  .969  des- 
cribed the  relation  ©f  hot  to  cold  viscosity  of  the  product,  With  the 
high  correlation,  it  appeared  possible  to  predict  the  final  viscosity 
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from  the  hot  viscosity  as  the  product  was  produced. 

Dry  matter  values  listed  in  Table  5  show  an  increase  which  is  a 
result  of  moisture  loss  during  the  run.  Since  this  occurs,  it  wais  foxmd 
desirable  to  use  a  covered  reaction  container  for  further  studies. 
Temperature  of  the  slurry  also  decreased  as  time  increased,  so  that  am 
insulated  container  with  lid  was  used  in  the  following  studies. 

From  this  study,  a  high  correlation  between  variables  of  time, 
starch  damage,  and  viscosity  were  determined  which  provided  the  back- 
ground  for  further  study  of  these  processing  variables. 

TABLE  6,   HELATION  OF  HOT  (45  C)  AND  GOLD  (22  C)   '  '■  . 

VISCOSITIES  OVER  TIME  OF  REACTION      -  ,*  •.'  '.  •-  .<> 


Time  (min 


55~g" 


Viscosities  cus 


22  G 


4 

8 

12 

16 
20 

21* 
28 


250 
200 
170 
155 

135 
130 


973 
560 
if  50 
350 
347 
309 
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GHAPTSR  V 

OPTIMIZATION  AND  PREDICTABILITY  OF 

SNZYME  ADDITION  VARIABLES 

Experimental  Procedixres ,  Response  surface  methodology  was  iised  to  establish 
the  optimun  conditions  for  reaction  of  a-  amylase  with  a  hydrotheraally 
processed  com-urea-water  slurry.  Fifteen  samples  were  treated  under  con- 
ditions described  in  Table  7  for  Study  I  and  Table  8  for  Study  II  as  prescri- 
bed by  response  surface  methodology  design  (Cochran  &  Cox,  1957 J  Meyers, 
1971). 

TABLE  7.  ENZYf'iE  REACTION  CONDITIONS  OF  SAMPLES  PREPARED 
FOR  RESPONSE  SURFACE  METHODOLOGY  STUDY  I 


Sample  Reaction       Ehzyme  concentration  Reaction 
number       temperatxire  G      -  (^  of  dry  starch)         period  (ain) 

1  60  .10  16 

2  100  .10  16 

3  60  .40  16   . 

k  100  ,ko  16 

5  60  .25  8 

6  100  .25  8 

7  60  .25  a**- 

8  100  .25  2*f 

9  80  .10  8 

10  80  .40  8 

11  80  ,10  24 

12  80  ,40  24 

13  80  .25  16 

14  80  ,25  16 

15  SO  ,25  16 


Samples  were  processed  using  the  formula,  eq.uipment  and  processing 
conditions  described  in  Chapter  IV,  Samples  of  approximately  4,5  kg  were 
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collected  in  a  tared  container  and  the  sample  weight  iamediately  determined 
for  use  in  calculating  the  required  amount  of  a-  amylase  solution.  The 
container  was  a  galvanized  canister  203  ma  (8  in)  diameter  and  280  mm 
(11  in)  in  height.  The  upper  half  and  lid  were  covered  with  12.7  ma  (.5  1») 
fiberglass  insulation. 

The  cooked  sliirry  was  adjusted  to  temperature,  maintained  at  the 
given  temperature  and  agitated  as  described  in  Chapter  IV,  A  solution  of 
10?£  v/v  Ihermamyl   60  a-  amylase  in  a  13%  w/v  saline  solution  was  used  in 
the  quantity  calculated  from  the  sample  size  and  %  required  by  design. 


TABLE  8.   EN2YM2  REACTION  CONDITIONS  OF  SAMPLES  PHEPAHED 
FOR  RESPONSE  SURFACE  METHODOLOGY  STUDY  II 


Sample 

Reaction 

Ehzyae  concentration 

Reaction 

number 

temperature  G 

{%  of  dry  starch) 

period  (min) 

1 

72 

.10 

16 

2 

,  92 

.10 

16 

3 

72 

AO 

16 

if 

92 

.i^O 

16 

5 

72 

.25 

8 

6 

92 

.25 

8 

7 

72 

.25 

aif       V 

8 

92 

.25 

2*f 

9 

82 

.10 

8   ^ 

10 

82 

.^0 

8 

11 

82 

.10 

2«* 

12 

82 

.40 

» 

13 

82 

.25 

16 

Ik 

82 

.25 

16 

15 

82 

.25 

16 

After  reacting  with  enzyme,  em   800  g  sample  was  placed  in  a  .9  1 
glass  jar  and  cooled  to  60  C  in  an  ice  water  bath  within  two  minutes. 
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Phosphoric  acid  was  added  at  2\%  by  weight  of  the  product  and  thoroughly 
mixed  for  30  seconds. 

Three  hundred  grams  of  product  was  placed  in  a  ,45  1  glass  jar  and 
brought  to  45  C  in  an  ice  water  bath.  Viscosity  was  measured  with  a 
Brookf ield  Viscometer  using  Spindle  2  at  12  rpra.  The  product  was  then 
cooled  to  22  G  and  viscosity  measured.  Propionic  acid  was  added  at  ,57^ 
by  weight  and  mixed.  Jars  were  stored  with  air-tight  lids. 

Of  the  remaining  concentrate,  225  g  was  blended  with  225  g  of 
molasses  and  ,5^  propionic  acid  by  weight.  Viscosity  was  measured  immediate- 
ly after  blending.  This  product  was  stored  in  ,45  1  jars  with  air-tight  lids. 

Viscosities  were  measured  on  the  concentrate  and  blended  samples  at 
times  of  24,  48,  72  and  l68  hours.  Each  sample  was  vigorously  shaken  for 
15  sec  to  simulate  agitation  that  would  be  used  in  ceamercial  storage  before 
viscosity  was  measured, 

A  stability  coefficient  was  estimated  on  each  sample  1  wk  after 

processing,  i^teasurement  was  made  of  the  sample  auid  supemant  depth  and 

calculated  asi 

Stability  coefficient  ■  depth  of  sample  -  depth  of  supemant  X  100 

depth  of  sample 

Analysis  and  in  vitro  evaluation  performed  en  the  samples  were  as  described 
in  Chapter  III,  - 

Statistical  analysis  involved  the  use  of  stepwise  forward  and  step- 
wise backward  regression  analysis  to  arrive  at  the  best  model  for  each 
parameter.  The   model  involved  the  variables  of  temperature,  concentration, 
and  reaction  time  of  enzyme  addition.  Using  these  models,  contours  were 
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plotted  to  aid  in  visual  determination  of  the  optimal  set  of  enzyme  reaction 
conditions.  The  variable  held  constant  in  each  contour  plot  was  determined 
to  have  least  affect  on  the  parameter  measured  by  inspection  of  F  values. 
Prediction  of  Viscosity.  The  use  of  the  initial  (45  C)  viscosity  was  made 
to  predict  viscosities  of  the  concentrates  and  blends  at  the  various  inter- 
vals measured.  Regression  analysis  using  the  model  y-VGl*T+T  with 
VC  1,  the  initial  (^5  C)  viscosity  and  T,  the  enzyme  reaction  temperature 
was  run  on  each  sample  presented  in  Table  8,       - 

Predictability  of  Models,  This  study  was  designed  to  test  the  predictability 
of  the  models  for  viscosities  and  starch  damage  usirxg  the  optimum  conditions 
of  80  C,  ,25?6  of  dry  starch  and  12  min  reaction  time  followed  by  a  2  min 
cooling  to  60  G.  Ihe  study  involved  producing  batches  of  ^5.36  kg  (100  lb) 
using  the  formula  in  Table  >*,     The  reaction  container  was  a  barrel  ,36  m 
(22  in)  in  diameter  and  .81  m  (32  in)  in  height.  The  mixer  was  constructed 
of  38  mm  (1,5  in)  steel  beu-s  with  cross  members  of  76  ma  (3  in)  and  203  mm 
(8  in)  and  rotated  at  kO   rpm.  A  model  2835  P  Boper^  pump  powered  by  a  1  r 
HP  motor  provided  recirculation  and  pumping  capabilities. 

After  each  batch  had  been  processed,  the  temperature  was  adjusted  to 
80  G  and  the  enzyme  solution  added.  The  recirculation  pump  was  run  for 
2  min  to  aid  in  distribution  of  the  enzyme.  After  12  sin  the  pump  was  run 
for  2  min  to  aid  in  cooling  the  slurry   to  approximately  60  C,  Two  and  one- 
half  percent  phosphoric  acid  by  weight  and  aidded  and  mixed.  Sight 
hundred  gram  samples  were  collected,  cooled  to  ^5  C  and  viscosity  determined. 


Hoper,  Gommerce,  Georgia, 
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viscosities  at  1  and  168  hr  were  taken  of  the  concentrate  and  blend. 
Starch  dauna^e  was  determined. 
Results  and  Discussion, 

Study  I,  Viscosities  are  shown  in  Table  9.  Samples  2,  6,  and  8 
hare  high  viscosities  and  showed  evidence  of  gelling.  Ihese  samples  were 
reacted  with  enzyme  at  100  C,  This  indicated  the  enzyme  was  not  reactive 
at  100  C  as  used  under  these  conditions.  Stability  coefficients  are  given 
in  Table  10,  Samples  3  and  7  which  were  reacted  at  60  G  had  low  coeffic- 
ients, thus  indicating  this  temperature  was  not  feasible,  Resvilts  of 
determinations  nade  on  the  samples  are  shown  in  Table  11,  The  variation 
In  dry  matter  and  protein  can  only  be  explained  by  variance  in  Hater 
absorbed  from  steam  during  processing. 

Due  to  the  wide  range  of  viscosities,  the  data  did  not  correlate 
well  and  another  study  was  made  with  a  narrower  set  of  temperatures  as 
shown  in  Table  8. 
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TABLE  10.   STABILITY  G0EFFICI3NTS  OF  SAMPLES  IN  TABLE  7  STUDY  I 


Sample  Concentrate  50%  molasses 

number  blend 


1  100,0  9't.9 

2  100.0  100.0 

3  78.7  86.9 
It,  9if,0  100.0 

5  8k,0  93.8 

6  100.0  93.8 

7  79.5  92.8 

8  100.0  100.0 

9  96.2  93.8 

10  70.3  93.8 

11  9^.0  100,0 

12  67.6  93.8 

13  82.9  91.5 
Ik  85.7  96.2 
15  66.7  91.5 
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Study  II.  Viscosities  of  samples  are  given  in  Table  12.  Samples 
1,  2,  and  9  were  high  viscosity  due  to  low  enzyae  concentration  and  short 
reaction  tiae.  Stability  coefficients  are  shown  in  Table  13.  Low  values 
are  due  to  high  enzyme  concentrations  and  long  reaction  time.  Determin- 
ations made  on  samples  are  given  in  Table  14.  J?egression  analysis  infor- 
mation is  shown  in  Table  15  for  the  best  model  describing  each  parameter 

measxixsd. 

Figures  1-8  present  contours  which  were  developed  using  the 

models  described  in  Table  15. 

In  determination  of  the  optimum  enxyme  conditions,  it  was  desirable 
to  minimize  the  reaction  time,  minimize  the  enzyme  c«ncentration  and 
maintain  the  temperature  between  80-90  C.  The  product  was  cooled  to 
the  desired  range  by  steam  flash  immediately  after  hydrotheraal  processing. 

The  physical  characteristics  of  viscosity  of  the  concentrate  after 
168  hr  and  the  stability  coefficient  were  determined  to  be  critical  for 
product  qiiality.  From  the  comparison  of  viscosities  of  the  concentrates 
after  l68  hr  in  Table  12  and  the  stability  coefficients  in  Table  13,  a 
viscosity  greater  than  5©©  ops  for  the  concentrate  was  necessary  to 
maintain  stability  and  minimize  segregation.  Figure  1  shows  a  temperature 
of  82  G,  reaction  time  of  12  min  and  an  enzyme  concentration  of  ji25^  bls 
minimum  conditions  for  each  variable  to  achieve  a  viscosity  of  approxi- 
mately 500  centlpose. 
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TABLE  13.       STABILITY  COEFFICIENTS  OF  SAMPLES  IN  TABLE  8     STUDY  II 


nuaber 


1  100.0  100.0 

2  100.0  100.0  f^ 

1  80.0  100.0  ..^ 

f  OK    Q  100.0 

'*  1^*0  100.0 

5  ^?^-^  100.0 

7  ll'l  100.0 

2  loo'.o  100.0 

9  """o  q  100.0 

10  aV?  100.0 

S  69*1  100.0 

12  1?  8  100.0 

13  ®^*°  100.0 

J5  7?:8 
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At  these  conditions  shown  in  Figure  2,  the  blend  viscosity  would  be 
approximately  850-900  centipose,  Ihis  viscosity  was  acceptable  since  no 
gelling  problems  occiirred  and  segregation  was  miniinal.  Stability  coefficient 
contours  in  Figure  3  show  naximuin  stability  at  low  enzyne  concentrations  and 
temperatures  of  82-8?  C  with  a  reaction  time  of  12  minutes.  Gelling  would 
be  a  problem  at  the  low  enzyme  concentrations.  Conditions  of  80  C,  ,25% 
enzyme  concentration  and  reaction  time  of  12  min  produced  a  stability  coef- 
ficient greater  than  85%  which  was  acceptable,  ''*~ 

Figure  k   shows  starch  damage  increasing  with  higher  enzyme  concen- 
tration and  longer  reaction  time,  as  would  be  expected.  As  these  two 
variables  eire  increased  viscosity  decreases  rapidly  and  stability  coef- 
ficients decrease.  With  respect  to  the  above  discussion  on  viscosity  and 
stability,  conditions  of  80  G,  ,25  enzyme  concentration  and  12  min  reaction 
time  produced  a  starch  damage  value  of  36  mg  maltose. 

Protein  synthesis  values  in  Figure  5  indicated  temperatxires  of 
70  C  and  95  G  to  be  most  desirable.  Temperatures  in  the  low  rauige  were 
not  practical  from  a  processing  design  and  the  high  range  decreased  the 
enzyme  stability  cmd  activity.  With  a  temperature  of  80  G,  12  min  reaction 
time  emd  a  ,25^  enzyme  concentration,  a  value  above  80  was  determined  to 
be  acceptable. 

Gas  production  was  shown  to  be  near  maximum  in  Figure  6  with 
conditions  of  ,25^  enzyme  concentration,  80  C,  and  reaction  time  of  12 
minutes.  Slightly  greater  values  were  given  by  increasing  the  temperature 
above  the  desired  range. 
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Figures  7  and  8  show  the  hot  concentrate  viscosities  and  initial 
"blend  viscosities,  respectively.  These  contours  were  used  to  predict  the 
viscosity  using  the  derived  optimum  conditions. 

From  review  of  the  responses  measured  and  the  contours  plotted  froa 
the  best  models,  optimum  conditions  for  the  system  employed  in  the  study 
were  determined  to  be  a  temperature  of  80  C,  enzyme  concentration  of 
,25%  of  dry  starch,  and  a  12  min  reaction  time  followed  by  a  2  min  temp- 
erattire  drop  to  60  C  before  addition  of  phosphoric  acid  to  lower  the  pH 
and  stop  the  enzyme  activity. 

Prediction  of  Viscosity.  Regression  analysis  was  run  on  viscosity  data 
presented  in  Table  12  to  determine  the  use  of  hot  (^5  C)  viscosity  readings 
as  a  predictor  of  viscosities  of  concentrates  and  blends  at  latter  time 
intervals.  Table  l6  shows  the  restxlts  of  the  regression  analysis  and 
information  on  models  best  describing  the  viscosities  at  a  given  time 
after  processing  and  blending.  The  best  model  included  the  parameter  of 
teaperatxire  and  interaction  of  temperattire  with  initial  viscosity  with  a 
B  value  determined  for  each  temperature  level  at  which  the  enzyme  had  been 
reacted,  fl^  values  of  close  to  1  indicated  the  high  correlation  and 
predictability  of  viscosities  at  different  intervals  after  processing 
froa  the  initial  hot  {k^   C)  viscosity  of  the  product. 
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Predictability  of  Itodels,  Viscosity  and  starch  damage  data  are  presented 
in  Table  17.  Averages  are  of  the  viscosities  of  the  four  batches  and 
starch  damage  values,.  Expected  values  calculated  for  the  optimum  condi- 
tion are  shewn  for  each  parameter.  Comparison  between  concentrate  and 
expected  values  have  an  r2  -  .73.  Differences  in  values  are  attributed 
to  different  batch  size,  mixing  system  and  5  C  drop  in  temperature. 
Maltose  values  were  higher  for  the  larger  system.  Blended  averages  are 
similar  to  expected  values, 

•mis  study  illustrated  the  differences  systems  make  in  the 
product.  Each  system  would  need  to  be  evaluated  individually  to  deter- 
mine specific  predictability  models. 
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TABLE  17.  VISCOSITIES  AND  STARCH  DAiMAGE  VALUES  FOR 
STUDY  ON  PREDICTABILITY  OF  MODELS 


Sample 

Vlacoaitv  (cva) 
1  hr 

45  c 

1  wk 

Mg  iaaltose° 

Batch  1 

Concentrate 

Blend 

238 

313 
412 

525 
800 

41.56 

Batch  2 

Concentrate 
Blend 

250 

275 

385.5 

450 
881 

48.82 

Batch  3 

Concentrate 
Blend 

325 

412.5 
512.0 

600 
1075 

47.82 

Batch  4 

Concentrate 
Blend 

275 

305 
393 

550 
860 

39.24 

Average 

Concentrate 
Expected* 

272 
239.35 

326.38 
430.86 

531.25 
453.14 

44.36 
34.77* 

Average 

Blend 
Expected* 

-- 

425.63 
358.35 

904.0 
876.6 

*  Calculated  froo  the  respective  regression  eq.uation8, 
^Expressed  on  grain  dry  matter  "basis. 
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CHAPTER  VI 
RELATION  OF  PRODUCT  VISCOSITY  TO  AMMONIA 
TOXICITY  W   VIVO  AND  ^   VITRO  EVAIAJATION 

Ammonia  toxicity  has  been  found  dependent  upon  processing  variables 
in  the  case  of  Starea  (Davidovich,  1977).  I^is  study  was  conducted  to   ^ 
determine  if  differences  in  enzyme  treatment  and  the  resultant  viscosity 
of  the  product  would  result  in  different  occurrences  of  toxicity.  ^ 
vitro  methods  were  used  to  determine  utilization  of  the  products. 
Experimental  Procedures.  Ihree  different  viscosity  concentrates  were 
produced  in  34  kg  (75  lb)  batches  from  the  formula  in  Table  18.  Ehzyme 
treatment  of  the  three  products  was  as  presented  in  Table  19.  The  large 
batch  mixer  described  in  Chapter  V  was  used  as  the  reaction  conUiner. 
Each  concentrate  was  then  blended  with  molasses  to  a  32%  crude  protein 
level  with  a  content  as  described  in  Table  20.  Sufficient  phosphoric  ,. 
acid  was  added  to  lower  the  pH  of  the  samples  to  3.5 » 

TABLE  18.   COMPOSITION  OF  60%  PROTEIN  CONCENTRATE  •  ■  : 


Ingredient 


Com 


23.60 

Absorbed  Kz^  I  Jn 

1.00 


H3PQ4. 

Propionic  acid 

Total  ■'     -  100-0<5 


HgO  absorbed  from  steam  during  processing. 


'•""'li'il'S.?* ';■•''*'■  '•"■•  ■■•.»^?T'^"' 


^7 

TABLE  19.  ENZYME  REACTION  CONDITIONS  OF  CONCENTRATES 


Sample        Temp  (C)        Sizyme  concentrate       Time  (min)* 

%  of  dry  starch 


80-12-  8        80  .125  8 

80-25-12        80  .25  12 

60-40-24        80  .40  24 


*rime  of  enzyme  reaction  at  given  temperature, 

^Followed  by  2  minute  period  to  drop  temperature  to  60  C, 


TABLE  20,  COMPOSITION  OF  BLENDED  PRODUCT 


Ingredient 


Com  11.97 

Urea  '                      10.64 

HgO  ■           •                   ,  21.38 

Absorbed  HoO  ^.91 

Molasses  ^.30 


H/jPQl^ 


2.30* 


Propionic  acid  «5 


T/^^■^^  100.00 


l^FCki  was  adjusted  in  each  sample  to  maintain  pH  3.5. 


.  48 

Eight  ruaen  f istulated  adult  cattle  wer«  randomly  xised  to  test  the 
three  products.  The  cattle  were  rested  1  wk  between  tests  and  fasted  16 
hr  preceding  the  test.  Rumen  fluid  samples  were  collected  with  a  syringe  . 
placed  In  a  rubber  tube  extending  through  the  cap  of  the  rumen  cannula. 
Blood  samples  were  obtained  from  the  juglar  vein. 

The  animals  were  dosed  with  a  calculated  amount  of  the  product  to 
provide  .25  g  urea  per  1kg  body  weight.  Samples  of  blood  and  rumen  fluid 
were  collected  at  0,  30,  60,  120  and  180  minutes.  Rumen  fluid  was  also 

sampled  at  5  minutes. 

Blood  and  rumen  fluid  ammonia-N  were  determined  by  microd if fusion  • 

(Conway,  1962). 

la  vitro  methods  of  protein  synthesis,  gas  production,  free  NH3 
and  urea  utilization  were  run  as  described  in  Chapter  III, 
Results  and  Discussion.  Table  21  shows  results  of  analysis  of  the  three 
products.  Differtmces  in  maltose  values  evident  for  the  concentrates 
became  less  apparent  when  blended  with  molasses.  A  wide  range  in  viscos- 
ities occurred  as  planned. 

Results  of  the  toxicity  study  are  shown  in  Table  22.  Rumen  pH  at 
5  min  shows  the  depression  in  pR  due  to  the  low  pH  of  the  products.  Ana- 
lysis by  t-dlstribution  showed  no  statistical  difference  (P  <  .05)  between 
treatments  for  the  variables  measured.  Blood  NH3  values  did  rise  more 
rapidly  for  the  low  viscosity  product.  At  60  min  the  blood  NH3  values 
were  higher  for  the  medium  and  low  viscosity  product  than  for  the  high 
viscosity  blend. 
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With  the  mediua  viscosity  product  critical  rmaen  pH  of  7.3  or 
greater  was  never  reached.  Ihis  product  did  have  the  lowest  pH  at  0 
minutes.  pH  7.3  or  greater  was  only  reached  at  180  min  for  the  high  vis- 
cosity blend  and  at  120  min  for  the  low  viscosity  blend, 

lible  23  shows  in  vitro  results  of  the  three  products.  Analysis 
by  t-distribution  showed  no  significant  difference  between  products  in 
any  analysis.  This  is  due  partly  to  the  large  standard  errors  that 
occurred.  The  mediua  viscosity,  optimum  product  performed  nearly  as  well 
as  the  low  viscosity  product  in  protein  synthesis  and  minimal  free  NH3 
and  better  in  gas  production  and  percentage  urea  utilization. 
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CHAPTER  VII 
m   VITRO  EVALUATION  OF  BLENDING  A  60^2  CRUDE 
LIQUID  SUPPLEMENT  CONTAINING  STARCH 

Experiaental  Procedure.  The  production  of  a  60^  crude  protein  liquid  sup- 
plement containing  starch  required  blending  to  a  32%  crude  protein  product 
for  noraal  free  choice  feeding.  Molasses  was  used  as  the  primary  blending 
media.  In  the  first  study,  water  was  substituted  for  molasses  at  various 
levels ,  The  second  study  examined  blending  lignin  sulfonate^,  amooniua 
polyphosphate  (APP),  or  fermented  anmoniated  condensed  whey  (FACW)  at 
various  levels  to  obtain  a  32%  crude  protein  product. 

Study  I.  Ihe  higher  protein  products  used  were  of  different  starch: 
ixrea  ratios,  A  0.9 il  and  1:1  60^16  crude  protein  product  was  processed  as 
described  in  Chapter  V  and  blended  to  a  32%  crude  protein  product  using 
l)  molasses,  2)  water,  or  3)  505^  molasses  -  50%   HgO. 

In  vitro  protein  synthesis,  as  outlined  in  Chapter  III,  was  deter- 
mined on  the  blended  products  "as  is"  and  with  the  products  mixed  with  com 
ground  through  a  1,59  nu»  (^/64  in)  screen  to  achieve  a  16%  crude  protein 
product  to  determine  the  effect  of  dry  matter  on  protein  synthesis. 

Study  II,  Two  60%  crude  protein  products  of  Irl  starch-urea  ratio 
were  processed  under  conditions  described  in  Chapter  V,  Levels  of  ingred- 
ients blended  are  given  in  Ta.ble  2'*,  Samples  were  blended  in  2,27  kg  (5  lbs) 
lots.  After  blending  pH  was  adjusted  to  3,8  with  85%  food  grade  'd'^K^   for 
blends  with  molasses-water,  lignin  sulfonate  or  APP,  Blends  with  FAC¥ 
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were  not  adjusted  due  to  strong  buffering  affect  of  FACW,  Blends  with 
Bolasses-water  were  mixed  with  com  ground  through  a  1.59  »m  screen  for  a 
resultant  l6^  crude  protein  product.    .   ~ 

^  Yitro  protein  synthesis  was  run  on  the  l6%  crude  protein  products 
to  determine  dry  matter  affect  of  the  blends,  jfa  vitro  determinations  of 
protein  synthesis,  gas  production,  free  NH3-N.  and  percentage  urea  utili- 
zation, as  described  in  Chapter  III,  were  made  on  the  blends  containing 
lignin  sulfonate,  APP  or  FACW.  > 

Results  and  Discussion. 

Study  I,  Results  of  in  vitro  protein  synthesis  determinations  on 
samples  of  molasses  and  water  blends  "as  is"  are  shown  in  Table  25.  Values 
for  protein  synthesis  were  significantly  different  (P< .05)  for  all  treat- 
ments. As  would  be  expected  from  the  dry  matter  contents  of  the  blends, 
protein  synthesis  from  the  blend  with  water  was  the  lowest,  intermediate 
for  the  concentrate  Itself  and  50%  molasses-50%  HgO,  and  highest  for  molas- 
ses. No  significant  difference  (P<,05)  was  present  between  the  0.9:1  and 
Isl  starch-urea  ratios. 

Tdible   26  shows  in  vitro  protein  synthesis  values  of  the  blends  mixed 
with  com  to  1675  crude  protein  level.  Blending  with  molasses  again  pro- 
duced a  significantly  higher  value  (P<.05).  No  significant  difference 
(P<.05)  was  evident  between  the  concentrate  amd  50^  molasses-50%  H2O 
blends.  The  value  for  the  water  blend  was  significantly  lower  (P<,05) 
than  the  other  treatments,  A  significantly  higher  value  resulted  from  the 
1:1  over  the  0.9:1  starch-urea  ratio.  This  would  be  expected  with  the 
presence  of  more  starch  in  the  higher  ratio. 
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TABLE  25.   EJ  VITRO  PROTEIN  SYNTHESIS  DATA*  FOR 
MOLASSES  AND  WATER  BLENDS  "AS  IS"  STUDY  I 


Treatments 

Concentrate  50%  Cone.  50^  Cone,   50%  Cone.    Sum    «ean 
50%  Mol.   50%  H2O    25%  >tol. 

25%  H2O 


8j1 
Ratios 

32.03 
47.81 
48.79 
42.89 

264.80 
195.74 
293.86 
251.47 

24.61 
24.77 
45.03 
31.47 

132.09 
133.00 

134.53 
133.21 

1377.06 

114.76* 

1:1 

102.94 
72.51 
87.93 
87.89 

305.41 
222,89 
252.87 
260,39 

28,84 

21.35 
29.27 

26,49 

139.05 
105.01 
103.02 
115.69 

1471.09 

122.59* 

Sum 
Mean 

392.01 
65.34° 

1535.57 
255.93^ 

173.87 
28,98* 

746.7 
124. 45^ 

2848.15 

'"* 

Data  reported  as  %  DM  protein  basis  of  a  2tl  (comturea)  32%  protein 
control. 

^Column  values  with  similar  superscripts  are  not  significantly- 
different  (P<.05). 

c.d.e.fgQi,  values  with  different  superscripts  are  significantly 
different  (P^.05). 


•ir^it^   ■  -■"■'y\     ■    '''^'^fS^' 
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TABLE  26,  m   VITRO  PROTSIN  SYNTHESIS  DATA*  FOR  MOUSSES  AND 
WATER  BLENDS  MIXED  WITH  CORN  TO  A  16;^  PROTEIN  LEVEL  STUDY  I 

Treataentg 

Concentrate  50^  Cone,  50^5  Cone,   50^  Cone,  Sua      Mean 
30%  Mol-,   50^  H2O    255^  Mol. 

25^  H2O 


8:1 
I^tlos 

93.46 
69.60 
76.81 
79.96 

117.41 
116.0 
100,88 
111.43 

45.64 

39.93 
43.00 
42.86 

95.64 
88.78 
98.21 
94.21 

985.36 

82.11* 

111 

105.43 
101.91 
101.82 
103.05 

128.27 
112.83 
105.37 
115.49 

64,12 
47.12 
56.60 
55.28 

105.43 
72.79 
83.06 
87.09 

1084.75 

90 .40^ 

Mean 

549.03 
91.51'^ 

680,76 
113.46^ 

296.41 
49.40e 

543.91 
90.65*^ 

2070,11 

Data  reported  as  %  DM  protein  basis  of  a  2il  (com:urea)  32%  protein 
control,  similarly  blended  with  com  to  l6^  crude  protein  level, 

•  'Colunn  values  with  different  superscripts  are  significantly 
different  (P<.05). 

•  •  How  values  with  different  superscripts  are  si^if icantly 
different  (P<,05). 


;  :.«-'-,jpi^^-<'.  •-.:»: 


From  the  study,  it  was  concluded  water  alone  is  an  inefficient 
blending  medium.  On  an  "as  is"  evaluation,  molasses  was  a  superior  blend- 
ing medium  to  water  in  terms  of  protein  synthesis.  Evidence  suggested 
some  water  may  be  incorporated  into  the  blends  when  used  in  conjunction 
with  com  without  depressing  protein  synthesis,  but  a  ratio  of  50^  molas- 
ses >  50^  HgO  appears  to  be  beyond  the  upper  limit. 

The  concentrate  appeared  eqna.1   to  a  50%  molasses  i50^  K^O  blend 
when  used  with  com,  thus  suggesting  use  of  the  concentrate  in  a  top 
dressing  situation.  Use  of  the  1:1  ratio  appeared  superior  when  the 
products  are  blended  to  a  l6^  crude  protein  level. 

Study  II,  ?tolasses-H?Q  Blends,  Table  27  shows  dry  matter,  protein 
"as  is,  "  and  protein  dry  basis  for  the  blended  samples  evaluated  by  in 
vitro  techniques,  Li  vitro  protein  synthesis  values  are  presented  in 
Tible  28  for  the  different  molasses-H20  blends  nixed  with  ground  com  to 
achieve  a  16%  crude  protein  product.  No  significant  differences  (P<,05) 
were  apparent  even  though  dry  matters  of  blended  products  range  from 
50,28%  for  0%   H2O  to  36.88%  for  20%  1^0  as  shown  in  Table  27.  In  top 
dressing  usage,  up  to  20%  H2O  in  the  blend  apparently  did  not  aiffect 
protein  synthesis, 

Lignin  sulfonate  blends.  Comparison  of  four  levels  of  lignin 
sulfonate  is  shown  in  Table  29.  No  significant  difference  (?<.05)  in 
protein  synthesis  wm  shown  between  the  0,  2,5,  5»0,   7*5  or  10%  level 
on  either  an  "as  is"  or  dry  matter  protein  basis. 


'^3?r;.' 
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TABLE  27.     DRY 

MATTER  AND  PROTSIK  CONTENTS  OF  BLENDED  SAMPLES     i 

STUDY  II 

IJigred 

lent  % 

S&aple 

ID 

Dry  matter 
Rep  1         Rep  2 

Protein 

Protein 
Rep  1 

dry  basis 

Rep  1 

Rep  2 

Rep  2 

H2O 

0 

1 

MW 

50.28 

51.43 

31.07 

32.87 

61.79 

63.91      - 

5 

2 

MV 

46.82 

48.86 

30.78 

33.38 

65.74 

68.32 

10 

3 

MW 

43.79 

44.90 

31.23 

33.28 

71.32 

74.12 

15 

k 

MW 

41.21 

41.96 

32.24 

32.85 

78.23 

78.29 

20 

5 

MW 

36.88 

38.88 

32.59 

33.16 

88.37 

85.29 

Li^in 

2.5 

2 

LS 

49.89 

51.69 

32.37 

32.76 

64.88 

63.38 

sulfo- 

5.0 

3 

LS 

49.53 

50.37 

31.33 

32.63 

63.25 

64.78 

nate 

7.5 

4 

LS 

48.69 

49.76 

31.51 

32.97 

64.72 

66.26 

10.0 

5 

LS 

48.17 

50.01 

32.05 

33.63 

66.54 

67.25 

APP 

2 

2 

AP 

50.07 

51.24 

31.49 

33.06 

62.89 

64.52 

i* 

3 

&i 

49.94 

51.64 

31.03 

32.45 

62.13 

62.84 

6 

i^ 

AP 

50.46 

51.78 

31.97 

33.04 

63.36 

63.81 

8 

5 

AP 

50.19 

51.72 

32.42 

32.99 

64.59 

63.79 

FACW 

10 

2 

AW 

49.42 

48.86 

30.99 

33.38 

62.71 

68.32 

20 

3 

AW 

46,81 

52.19 

31.77 

33.32 

66.59 

63.84     . 

30 

4  AW 

50.30 

50.04 

32.52 

34.09 

64.65 

68.13 

40 

5 

AW 

51.04 

50.25 

33.60 

35.56 

65.83 

70.77 

50 

6 

AW 

50.88 

49.66 

32.75 

33.45 

64.37 

67.44 

yyy^-^- 


'""S'5'^r-*  ■ 
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TABLE  28.   IN  VITHO  PROTSIN  SYNTHESIS  COMPARISON  OF  FOUR  DRY  MATTER 
LEVELS  OF  A  LIQUID  SUPPLEMENT  CONTAINING  STARCH 
BLENDED  WITH  CORN  TO  A  l6?5  PROTEIN  I£VEL 


% 


Molasses- HjO 


50-0 

M)-10 

30-20 

20-30 

10-40 


Mg  protein  synthesized 
As  is 


17.80+1.68* 
17.5211.68* 
17.90+1.29* 
17.76+1.38* 
17.56+1.87* 


*Values  within  columns  having  similar  superscripts  are  not 
significantly  different  (P<.05). 


M 


3 


9 


I  o 


Ti 
4> 
O 

«S 

O    P< 
■H    00 

+»  •'^ 


ta 

tt 
O 


5 

I 

If 


09 


i? 


« 

(0 


a)         (4 

o      o\ 
00      c»- 


vO 


en 


o 


i 

CM 


ON 


00 
H 


00 
>A 

^1 
(Ni 
O 

• 


05         tt 

<H  C<^ 

On        O 


CN) 


I 


00 


+  1 

o 


en 


oo 


CM 


CO 


<n 


00 

iH 


O 


o 
00 

vO 


CM 

en 


I'  ^  !•  S  J' 

o      o      CO      CT\      m 

»0        ^  CM         rH         ^ 


on 
tn 


^ 

^ 

,o 

"^ 

-^ 

5d 

^ 

NO 

00 

m 

03 

o 

»n 

• 

• 

• 

• 

• 

^\ 

f| 

V\ 

^1 

^ 

a\ 

CTv 

ON 

c^ 

o 

c^ 

(H 

o 

iH 

00 

C^  CM  iH  CO 
O  O  O  CJN 
iH         iH         iH 


NO         H 

•H        NO 


NO 
CM 


%. 

^ 


o      o 

CO      00 


o 

iH 


CO     NO 

I     1 

B      C 


O 

s 
o 

(4 

«9 
•P 

a. 
u 

(0 

« 

3 
a 

u 
a 


n 

> 

(4 

x: 


^  u 

o  o 

«  o 

"S  'S 

at  Rl 

■tJ  tJ 

S  B       09 

3  0)       B 

♦>  -p     g 

a  «     3 

+1*1 1 

(0  09 

S  §  5 

«  «    x: 

a  a    -p 


o     « 
u     u 

«      4 


«       09  3 

«        «  r-t 

S      3  rt 

iH      rH  > 

^       jg  -CI 

«<  m  «r 


■'■"■■^v""  ■  ■     .  "~ ■..  ■■  "S'^rT'f^"  '':'  -■■:■.  t'-  '"■-  ,--■■'<■■"■- '■■■"f  '^ ' 


62 


Gas  production  nas  significantly  higher  (P<.05)  for  th«  Z,5% 
level  and  significantly  lower  (P<.05)  for  the  10%  level.  No  significant 
difference  (P<«05)  was  apparent  between  the  0,2.5.  and  5%  levels. 

Free  NHo-N  atftcr  k  hoxirs  feraentation  was  not  significantly  dif- 
ferent (P<.05)  at  any  level.  Levels  of  2.5,  5.0,  7.5  and  10.0%  resulted 
in  significantly  higher  (P<.05)  percent  urea  utilization  j  however,  this 
trend  was  not  evident  in  any  of  the  other  in  vitro  determinations.  No 
significant  difference  in  dry  matter  occurred  as  the  percent  lignin  sulfo- 
nate increased  as  shown  in  Table  27.  Substitution  of  up  to  10%  lignin 
sulfonate  for  molaissas  in  the  total  blend  appeared  to  have  little  depres- 
sing affect  as  tested  in  vitro. 

APP  blends.  Table  27  shows  dry  aatter  contents  not  to  be  signi- 
ficantly different  (P<,.05)  as  the  level  of  APP  increases.  ^  vitro 
evaluation  of  four  levels  of  APP  is  shown  in  Table  30.  Protein  synthesis 
on  an  "as  is"  or  dry  isatter  protein  basis  was  not  significantly  different 
(P<,,05)  at  any  level.  Protein  synthesis  was  lower  at  the  8%  level.  Gas 
production  was  significantly  higher  (P<.05)  when  APP  was  blended  in  the 
saaple,  but  not  different  between  the  levels.  Free  Nii.-N  after  4  hr  of 
feraentation  was  significantly  lower  for  blends  containing  APP,  but  not 
different  between  levels.  Apparently  APP  was  not  broken  down  to  NH3  as 
rapidly  as  urea.   Percent  urea  utilization  was  significantly  lower  (P<„05) 
at  the  0%  APP  level.  Possibly,  since  APP  was  not  utilized  as  well,  the 
urea  in  the  saaples  was  utilized  to  a  greater  extent. 
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Blending  of  up  to  8^  APP  in  liquid  supplements  containing 
starch  result^i  in  significant  differences  (P^  .05)  in  the  in  vitro 

determinations, 

FACT  blends.  No  significant  difference  (P<.05)  In  dry  matter 
occurred  as  FACT  was  blended  at  levels  up  to  50%  vith  liquid  supplements 
containing  starch.  Table  31  shows  in  vitro  comparison  of  five  levels 
of  FACT.  Protein  synthesis  on  an  "as  is"  and  dry  matter  protein  basis 
was  not  significantly  different  (P<.05)  for  the  0  and  10%  level,  but 
was  significantly  higher  (P<.05)  than  all  other  levels.  levels  of 
10  and  20%  were  not  significantly  different  (P<.05)  but  were  signifi- 
cantly higher  than  the  30.  ^  and  50%  levels.  The  20.  30,  W  and  50% 
levels  were  significantly  lower  (P<.05)  than  the  0  and  10%  levels,  but 
were  not  significantly  different  (P<.05).  levels  of  0,  10  and  20% 
were  not  significantly  different  (P<.05)  in  gas  production,  ^e  30. 
i.0  and  50%  levels  were  significantly  lower  (P<.05)  than  the  0%  level. 
Tree   NH3-N  after  four  hr  fermentation  was  significantly  lower  (P<.05) 
for  all  levels  other  than  the  0%  blend.  The   percentage  urea  utilization 
was  significantly  higher  for  all  levels  other  than  the  0%  level. 

Rrom  the  in  vitro  comparisons,  it  appeared  levels  of  FACT  above 
10%  result  in  decreasing  performance.  Thus,  use  of  FACT  as  a  blending 
aedium  with  liquid  supplement  containing  starch  appeared  to  have  a 
depressing  affect  on  in  vitro  evaluations. 
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CHAPTER  VIII 
SUMMARY  AND  CONCLUSIONS 

Product  characteristics  of  a  hydrothermally  processed  liquid 
supplement  containing  starch  were  found  to  be  predictable,  A  high 
correlation  between  length  of  enzyne  reaction,  product  viscosity  and 
starch  daaage  was  established.  Predictability  of  final  product  viscos- 
ity from  a  hot  (45  C)  viscosity  was  highly  correlated.  Sstabllshment 
of  predictability  was  necessary  before  optimum  conditions  could  be 
established. 

Response  surface  methodology  was  used  to  establish  the  optimum 
conditions  for  reaction  of  an  a-  amylase  solution  with  the  hydrother- 
mally processed  com-urea-water  slurry.  Variables  of  temperature, 
enzyme  concentration,  and  time  (length)  of  reaction  were  measiired  in 
terms  of  the  parameters  of  viscosity,  stability,  starch  daaage,  in 
vitro  rumen  protein  synthesis,  and  in  vitro  rumen  gas  production.  Use 
of  regression  analysis  and  contour  plots  was  made  to  establish  an 
optimum  set  of  conditions.  Ihese  were  temperature  of  80  C,  enzyme 
concentration  of  ,2f>%  of  dry  starch  In  final  product,  and  a  reaction 
time  of  12  min  at  80  C  followed  by  a  2  min  cooling  period  to  60  G. 

A  high  degree  of  correlation  was  established  between  hot  and 
cold  viscosities,'  however,  predictability  of  the  models  was  less  when 
a  larger  system  was  used,  Ihis  emphasized  the  dependency  of  the 
models  on  a  given  system  and  illustrated  the  need  to  establish 
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models  for  each  system  used  in  processing,  * 

Comparison  of  three  products  of  different  viscosity  was  made 
with  respect  to  auamonia  toxicity  and  in  vitro  measurements.  No  signi- 
ficant differences  (P<,05)  were  found  in  the  probable  incidence  of 
ammonia  toxicity  or  in  vitro  evaluations  between  the  three  products. 
The   product  resulting  from  the  optimum  conditions  appeared  to  be  most 
feasible  in  terms  of  viscosity,  stability  and  in  vitro  performance, 

A  60^  crude  protein  concentrate  was  blended  to  a  32%   crude 
protein  liquid  supplement  containing  starch  with  molasses-water, 
lignin  sulfonate,  APP,  or  FACW,  No  significant  difference  (P< ,05) 
in  protein  synthesis  occurred  when  the  molasses-water  blends  were 
mixed  with  finely  ground  com  to  a  16;^  crude  protein  product.  Thus 
in  a  top  dressing  application,  up  to  20^  H2O  in  the  blend  apparently 
did  not  affect  protein  synthesis. 

Substitution  of  up  to  10^  lignin  sulfonate  for  molasses  in 
the  total  blend  appeared  to  have  no  significant  effect  (P<',05)  on 
the  supplement  as  tested  in  vitro. 

Blending  of  up  to  8%  APP  in  the  total  liquid  supplement  resulted 
in  no  significant  difference  (P<;,05)  in  protein  synthesis.  Free 
NH3-N  was  significantly  (P<.05)  lower,  gas  production  was  signifi- 
cantly higher  (P<r,05),  and  urea  utilization  was  significantly  higher 
(P<,05)  for  the  APP  blends.  Ihis  may  be  due  to  slower  breakdown 
of  APP  compared  to  urea  by  the  rumen  micro-organisms. 
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Blends  with  FAGW  resulted  in  significantly  lower  (?<.05) 
protein  synthesis,  gas  production,  and  free  NH'^-N.  Urea  utilization 
was  significantly  greater  (P<;.05)  for  the  FACW  blends.  This  would 
suggest  the  nitrogen  sources  in  FACW  are  not  broken  down  as  rapidly 
nor  utilized  in  vitro  as  efficiently  as  urea.  The  higher  levels  of 
lactic  acid  in  FACW  may  not  provide  as  fermentable  substrate  as 
starch  nor  the  carbon  skeletons  or  energy  for  good  protein  synthesis. 
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Starch-based  liquid  protein  supplements  have  been  shown  superior 
to  molasses-based  liquid  supplements  in  both  in  vitro  and  in  vivo  eval- 
uations.  Interest  has  developed  in  a  high  protein  (60^)  starch-based 
liquid  concentrate  which  could  be  blended  to  a  JZ%  crude  protein  product. 
The  concentrate  was  produced  by  processing  a  1  il  com-urea-slurry  through 
a  Hydro-heter  at  149  C  and  60  psig.  Viscosity  of  the  cooked  slurry  wais 
reduced  by  addition  of  an  a-amylase  solution. 

Product  characteristics  of  the  hydrothermally  processed  supplement 
was  found  to  be  predictable,  A  high  correlation  between  length  of  enzyme 
reaction,  product  viscosity,  and  starch  damage  was  established.  Predict- 
ability of  final  product  viscosity  from  a  hot  (45  C)  viscosity  was  highly 
correlated. 

Response  surface  methodology  was  used  to  establish  the  optinum 
conditions  for  reaction  of  an  a -amylase  solution  with  the  hydrothermally 
processed  com-urea-water  slurry,  Vairiables  of  temperature,  enzyme  con- 
centration, and  reaction  time  were  measured  in  terms  of  viscosity,  stabil- 
ity, staurch  damaige,  rumen  in  vitro  protein  synthesis,  and  rumen  in  vitro 
gas  production.  Use  of  regression  analysis  in  contour  plots  was  made  to 
establish  an  optimum  set  of  conditions.  These  are  temperature  of  80  C, 
enzyme  concentration  of  ,25%  of  dry  starch  in  final  product,  and  a  reac- 
tion time  of  12  mln  followed  by  a  2  min  cooling  period  to  60  C  before 
acid  addition, 

A  high  degree  of  correlation  was  established  between  hot  and  cold 
viscosity,  however,  predictability  of  the  models  was  less  when  the  larger 


system  was  used.  This  emphaisized  the  dependency  of  the  models  on  a  given 
system  and  lllxistrated  the  need  to  establish  models  for  each  system  used 
in  processing.  Comparison  of  three  products  of  different  viscosity  was 
made  with  respect  to  ammonia  toxicity  and  in  vitro  rumen  measurements. 
No  significant  differences  (P<.05)  were  found  in  the  probable  incidence 
of  ammonia  toxicity  for  in  vitro  evaluation  between  the  three  products. 
The  product  resulting  from  the  optimum  conditions  appeared  to  be  most 
feasible  in  terms  of  viscosity,  stability,  and  in  vitro  performance. 

Effects  of  blending  the  60J6  crude  protein  concentrate  to  a  J2% 
crude  protein  product  with  the  various  levels  of  molasses,  water,  lignin 
sulfonate,  ammonium  polyphosphate  (APP),  or  fermented  ammoniated  condensed 
whey  (FACW)  were  evaluated  through  in  vitro  rumen  studies. 

The  concentrate  was  blended  with  molasses-water  combinations  to 
attain  0,  5,  10,  15,  and  20^  water  in  the  blend.  No  significant  differ- 
ence (P<,05)  in  rumen  in  vitro  protein  synthesis  occurred  when  molasses- 
water  blends  were  mixed  with  finely  ground  com  to  a  I65K  crude  protein 
product.  Thus  in  a  top  dressing  application,  up  to  20^  water  in  the 
blend  apparently  did  not  effect  protein  synthesis, 

Lignin  sulfonate  was  substituted  at  levels  of  0,  2,5,  5,  7,5,   or 
10^  in  the  total  blend  for  molasses.  No  significant  effects  (P<.05)  were 
observed  in  the  in  vitro  evaluations, 

levels  of  0,  2,  4,  6,  or  8^  APP  were  added  to  the  total  supplement. 
No  significant  difference  (P<,05)  in  protein  synthesis  resulted.  Free 
NHj-N  was  significantly  lower  (P<.05),  gas  production  was  significantly 
higher  (P<.05),  and  urea  utilization  was  significantly  higher  (P<,05) 


for  the  APP  blend.  This  may  be  due  to  a  slower  breakdoim  of  APP 
compared  to  urea  by  rumen  microorganisms , 

FACW  was  substituted  at  levels  of  0,  10,  20,  30,  40,  or  50^, 
Significantly  lower  (P<.05)  protein  synthesis,  gas  production,  and  free 
NH^-N  resulted  from  blending  FACM  into  the  supplement.  Urea  utilization 
was  significantly  greater  (P<.05)  for  the  FACW  blends.  Ihis  would  sug- 
gest that  the  nitrogen  forces  in  FACW  were  not  broken  down  as  rapidly 
nor  utilized  in   vitro  as  efficiently  as  urea.  The  higher  levels  of  lactic 
acid  in  FACW  may  not  provide  as  fermentable  substrate  as  starch  nor  the 
carbon  skeletons  or  energy  for  good  protein  synthesis. 


